Substituted 2-benzylidene-1-benzofuran-3-ones are commonly known as aurones. This class of bioactive heterocycles belongs to flavonoid family. The article intends to put forth the rational design and synthesis of a new series of aurones using 3',5'-dibromo-2',4'-dihydroxychalcones and copper bromide in presence of DMF-water mixture (8:2, v/v) for the first time. Preliminary bioassay shows that most of compounds have good trypanocidal activity against Trypanosoma cruzi at 10 μg/mL. Few compounds are equally potent to the standard drugs Benznidazole and Nifurtimox. The structures of the newly synthesized products 2a-n were established by elemental analysis, FTIR, 1 H NMR, 13 C NMR and mass spectroscopic studies.
Introduction
Substituted 2-benzylidene-1-benzofuran-3-ones are commonly known as aurones that belongs to the naturally occurring flavonoids [1, 2] and are structurally isomeric to flavones. They play significant role for the pigmentation of the flowers in which they are found. Antifungal, antibacterial, antiplasmodial, antileshmanial and antiviral activities of aurones have also been reported [3] [4] [5] [6] . In view of these observations it was devised to synthesize some novel aurones using a new methodology largely on account of their trypanocidal evaluation. Chagas disease [7] [8] [9] [10] commonly known as American trypanosomiasis is a parasitic infection caused by the T. cruzi. It is a serious health issue in Latin America with withering consequences in terms of human morbidity and mortality. Due to limited existing drug therapy, poor efficacy and several side effects, there is an immediate need of novel therapeutic agents for the treatment of this disease.
Chalcones, possess a wide spectrum of biological activities [11] [12] [13] [14] [15] [16] , offers an unprecedented opportunity to chemists to design different sized bioactive heterocycles [17] [18] [19] [20] [21] . The presence of α,β-unsaturated carbonyl functionality in chalcone makes it a versatile substrate. In continuation of our earlier venture [22] [23] [24] to design and synthesis of novel bioactive heterocycles, we herein, report a convenient one pot conversion of 3',5'-dibromo-2',4'-dihydroxy substituted chalcones to 2-(substituted benzylidene)-5,7-dibromo-6-hydroxy-1-benzofuran-3(2H)-ones and their trypanocidal evaluation.
Results and Discussion

Chemistry
Aurones have received very limited, methods of their synthesis. The most common synthetic procedures are based on their conversion of coumaran-3-ones with benzaldehydes in the presence of sodium hydroxide to afforded Z-aurones. H 3 PO 4 [25] and acetic anhydride [26] were also used as catalysts for this conversion. Green routes, using basic alumina [27] or alumina-KF [28] have also been reported for such conversions. Oxidative cyclization of 2'-hydroxychalcones also results aurones as one of the product. Recently aurones have been synthesized from 2'-hydroxychalcones using DMSO-CuBr 2 or pyridine-Hg (OAc) 2 [29] . To avoid the use of high boiling volatile organic solvents, more recently polyethylene glycol (PEG) and mercuric (II) acetate [30] were used in environmentally benign protocols for the synthesis of aurones (benzofuran-3-ones).
Presently, it is a need of more environmentally benign protocols and solvent free systems that reduces or eliminates the use of toxic or environmentally hazardous solvents. In the present study the starting 3',5'-dibromo-2', 4'-dihydroxychalcones (1a-n) were prepared by reacting 3,5-dibromo-2,4-dihydroxyacetophenone and variously substituted aromatic aldehydes in the presence of base by conventional Claisen-Schmidt condensation method by our laboratory team. 3',5'-dibromo-2',4'-dihydroxychalcones (1a-n) on refluxing (6 -7 hr) with CuBr 2 in presence of DMF-water (8:2, v/v) resulted 2-(substituted benzyli-dene)-5,7-dibromo-6-hydroxy-1-benzofuran-3(2H)-ones (2a-n) for the first time as shown in Scheme 1, with 63% -73% yields. The purity of the compounds was checked by TLC and structures of the synthesized products were confirmed by their spectral and elemental analysis.
The FTIR spectrum of all the products delineated absorption bands at 1699 -1713 due to >C=O stretching of aurones. The 1 H NMR spectra showed a characteristic singlet near at δ 6.77 -6.89 due to 1H of benzylidine proton while other aromatic and aliphatic protons were observed at expected regions, 13 C NMR spectroscopy further confirms the assigned formation of aurones. The chemical shift values in the range δ 186.49 -192.29 (C=O), 110.15 -117.41 (CH=CH) and were in conformity with the assigned literature values for aurones [28] . The mass spectra of the compounds showed molecular ion peak corresponding to their molecular formula. Besides this compounds showed appropriate isotopic abundances which confirmed the presence of halo groups in respective compounds. Finally the identity of synthesized aurones was established by m.p. with samples prepared by reported methods [29] and superimposable IR spectra. All newly synthesized compounds were also evaluated for their in-vitro trypanocidal evaluation.
In Vitro Trypanocidal Evaluation
The trypanocidal activity of compounds was evaluated by the colorimetric method based on reduction of the substrate chlorophenolred-β-d-galactopyranoside (CPRG) for β-galactosidase resulting from the expression of the gene for T. cruzi (Tulahuen C4) [31] . The assay was realised in 96 wells plates containing monolayer VERO cells which were infected with 5 × 10 4 trypomastigotes (Tulahuen C4). We grew the parasite using VERO cells that are infected with T. cruzi trypomastigotes. The parasite is in the trypomastigote stage before it infects the cells. Once it infects the Vero cells, it enters an amastigotes stage and begins to reproduce as amastigotes. When it is released from the cells, it returns to the original trypomastigote stage to infect new cells. All the active compounds showed anti-trypanocidal activity, passed through a second test for determining the inhibitory concentration of 50% growth of the parasites (IC 50 ). These compounds were evaluated at 10, 2, 0.4, 0.8 and 0.16 μg/mL and incubated for 5 days at 37˚C, relative humidity 95% and 5% CO 2 .
The intensity of colour resulting from the cleavage of CPRG by T. cruzi (Tulahuen C4) β-galactosidase was measured at 570 nm using a reader boards VersaMax Micro™ microplate reader. The IC 50 of the compound were calculated by logarithmic regression of the values of OD obtained, compared with the untreated control. Those samples showing IC 50 values < 50 μg/mL, have been further tested for cytotoxicity. Nifurtimox (Bayer) was used as a control at concentrations of 0.1, 1 and 10 μg/mL. Negative Control was comprised of 50 uL of a solution containing DMSO, equivalent to the DMSO contained in samples (working dilution).
Biological Evaluation of the Synthesized Compounds
All the synthesized 2-(substituted benzylidene)-5,7-dibromo-6-hydroxy-1-benzofuran-3(2H)-ones have been biologically evaluated against T. cruzi wherein two compounds 2b and 2k showed highest percentage Growth Inhibition (GI) 54.37 and 68.03 respectively. The IC 50 value appeared as 8.37 (μg/mL) and 5.06 (μg/mL) for compounds 2b and 2k respectively with the standard drugs Nifurtimox and Benznidazole which were used to validate the assay. Cytotoxicity of compounds 2b (25 μg/mL) and 2k (37 μg/mL) were also tested. The results are shown in Tables 1 and 2. 3. Experimental
General
All melting points (m.ps.) were determined in open capillaries on Veego (VMP-PM) melting point apparatus and are uncorrected. The purity of the compounds was routinely checked by thin layer chomatography (TLC) with Silica Gel-G (Merck). The instruments used for spectroscopic data are: IR-FTIR spectrophotometer Bruker, 1 H NMR and 13 C NMR (CDCl 3 ) on 500 MHz FT-NMR spectrometer Bruker AV III, GC-MS (EI-MS fragment) performed on JEOL GC Mass spectrometer and elemental analysis was carried out on a Carlo Erba 1108 analyzer and were within the ±0.5% of the theoretical values. 
Conclusion
Two noteworthy have emerged. Firstly, a novel series of 2-(substituted benzylidene)-5,7-dibromo-6-hydroxy-1-benzofuran-3(2H)-ones have been synthesized from corresponding chalcones using environmentally benign protocols. Secondly, it was observed from the results obtained by the trypanocidal evaluation that Compounds 2b and 2k were the more potent, showing good % GI and considered as an active and selected for second level biological evaluation IC 50 . Compounds 2b and 2k were also tested for cytotoxicity and the results obtained are appreciable in accordance with standard drugs Nifurtimox and Benznidazole. These preliminary results of biological assay of the tested compounds are encouraging which may lead to the discovery of potent trypanocidal drug.
